Introduction

81
Much of the field of physiological ecology is based on the premise that fitness, fitness 
105
Complementing this from an empirical perspective is the consistent finding that correlations 106 among purported markers of a given over-arching concept (e.g. oxidative stress) are highly 107 unstable over time, populations, species, conditions, analysis levels, etc. [13, 22, 23] . How are 108 we to understand "antioxidant capacity" when at least three independent axes are needed to 109 summarize the variation in circulating micronutrient antioxidant levels (even without considering 110 enzymes or tissues), and when the composition of these axes is unstable [24] Note that statistical analyses in this paper and the companion paper were conducted by different 178 team members, and while we have discussed multiple analytical decisions, we have not tried to 179 perfectly harmonize results. We believe that many analytical decisions (log transformation, 180 outliers, etc.) have no single correct response, and that it is thus more scientifically honest to All physiological variables were assessed for normality and log-or square-root transformed as 211 necessary, and we tested extensively for outliers (see S1 Appendix for details). We looked at and concomitant up-regulation of OXY (S3 Fig., panel b) . For both the immune and oxidative 225 stress variables, we used the two PCA axes rather than the original variables because the 226 biological interpretation is clearer: PCA1 is activation of the system (higher levels of both 227 11 markers) and PCA2 is balance of the system (relative levels). In both cases, we also tested ratios 228 of the raw variables and found they were strongly associated with PCA2, confirming this 229 interpretation (S3 Fig.) .
230
Because of the possibility that physiology varied systematically across year and breeding stage, 231 we tested this for each of the 14 physiological markers using t-tests. (Similar tests were conducted 232 using mixed effects models in the companion paper.) Overall, we obtained results very similar to 
Basic construction of DM
244
DM was calculated using the following formula: 
293
For the PCA based on a priori knowledge, we conducted three analyses. The first was 294 intermediary metabolism and energy supply ("metabolism/energy") and included glucose,
295
NEFA, uric acid, and triglycerides (S10 Fig., panel a) . The first axis explained 37% of the 296 14 variance and contraposed glucose (+) against the other three (-). The second analysis was on 297 aerobic/metabolic capacity ("aerobic capacity") and used hematocrit, hemoglobin, reticulocytes,
298
and cort (S10 Fig., panel c) . The first axis explained 36% of the variance and contraposed cort 299 against the other three. The third analysis was on oxidative stress and muscle damage ("oxidative 300 stress"), and used OXY, dROMs, and creatine kinase (S10 Fig., panel d) Overall, DM appears to be largely unassociated with performance variables (Fig. 2) . Only 23 325 tests of 396 in Fig. 2 To assess the association between DM and subsequent survival, we performed logistic 337 regressions with the local return next year variable (glm function), which was not associated 338 with any version of DM (Table 1 ; logistic regression results could not be included in Fig. 2 ).
340
Similarly, analyses relating physiological PCs to performance variables (Fig. 3) 
Discussion
350
We constructed composite physiological variables using several multivariate methodologies and inconvenient. Going forward, it will be important to try to replicate our negative finding using 435 other integration approaches, species, and biomarkers. There may be particular factors related to 436 our study that caused a negative result for an approach that might be promising more broadly.
437
The positive result in red knots was highly robust, not an artefact of data massaging.
438
Nonetheless, we feel this study provides a strong warning to eco-physiologists hoping to use 439 physiological measures to quantify body condition or individual quality, particularly in cases
440
where there may be substantial physiological heterogeneity in the sample. 
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